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0. Executive summary 
 
• This review proceeded in the normal fashion. No particular problems were 

encountered. The panel meeting, which took place at the facilities of PIFSC in 
Honolulu, was well organized and satisfactorily conducted.  

• The research project under review ― identifying time-area closures of the 
Hawaiian long-line fishery to reduce turtle interactions (deaths or severe harm) with 
the fishing gear at minimum cost to the commercial fishery ― has been under way 
for close to ten years.  

• A great deal of good research work, most crucially vital data collection, has been 
carried out during this period. 

• There has also been substantial progress in terms of modeling, estimation of 
functional relationships and scenario analysis during the period.  

• However, considering the economic values at stake ― in the commercial fishery, 
on the one hand, and the social cost of turtle interactions, on the other hand ― 
progress in this project has been unduly slow.  

• The reasons for this slow progress are not entirely clear. Two possibilities, by no 
means mutually exclusive, seem to fit the available information: 

(i) The resources allocated to the project in terms of manpower and expertise 
seem to have been inadequate to ensure a reasonably speedy progress. 

(ii) Project progress may have been be hampered by the absence of a clear and 
consistent modeling framework leading to somewhat unfocussed research 
effort. 

• The modeling framework for this project is not sufficiently well specified, at least 
not explicitly. No clear statement of the overall project modeling framework can be 
found in the research project material presented for this review. Moreover, the 
implicit modeling framework suggested by the research that has already been 
carried out is inadequate for the task at hand. 

• On the positive side, most of the research already conducted fits well into what this 
reviewer regards as a proper modeling framework to achieve the project objectives. 

• One consequence of the lack of a proper modeling framework is that the research 
effort so far has not dealt with two vital modeling components for indentifying 
economically optimal time-area closures; (i) industry response function to specific 
time-area closures, (ii) the economic value of turtle interactions.  

• Other modeling problems have to do with a lack of proper stochastic framework to 
allow uncertainty and risk estimates of the modeling predictions and a 
maximization module to identify the best possible time-area closures.  
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• There are further weaknesses in the estimation procedures so far employed in the 
project. All modeling components have to be estimated with state-of-the art 
statistical procedures.  

• The Hawaiian long-line fishery is economically and socially quite valuable and so 
are lives of the sea turtles impacted by this fishery. Therefore, the potential 
economic benefits of a well-founded system of time-area closures in this fishery are 
very substantial. Compared to this, the cost of research is miniscule. Moreover, the 
costs of further delays are high ― every year without the best possible solution 
adds to the costs. 

• It is therefore strongly recommended that determined steps be taken to complete 
this project as soon as possible. This involves essentially two items: 
(i) The preparation of a well thought out research plan.  

(ii) The addition of the necessary manpower and expertise to the project. 

• Given the available data and the research already conducted, it seems reasonable 
that with the additions of approximately two-man years of the correct expertise, the 
project could be brought to a satisfactory state of practical applicability within a 
year.  
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1. Background 
 
On 2 June 2010, I signed a contract with the Northern Taiga Ventures Inc. (NTVI) to 
conduct an independent external review for the Center for Independent Experts (CIE) of 
the time–area allocation model under development by the Pacific Islands Fisheries 
Science Center (PIFSC) for the Hawaiian–based pelagic longline fishery.  
 
The main motivation for developing this time-area allocation model is the accidental 
capture by the this long-line fishery, which targets tunas and swordfish, of certain 
endangered species of sea turtles, most seriously loggerhead and leatherback turtles. 
Many of these captures result in turtle deaths (by drowning). The long term survival rate 
of the turtles that survive the experience is uncertain.  

 
The available data show that the rate of turtle captures (generally referred to as turtle 
interactions) per unit effort and relative to the amount of target harvest depends on the 
area, the time of year and the type of long-line fishery conducted (shallow or deep sets). 
Given this, there is reason to believe that by the appropriate area-time closures it may be 
possible to achieve the double aim of keeping the number of turtle interactions within 
acceptable limits while minimizing the economically detrimental impacts on the 
commercial fishery. More generally, by the judicial use of time-area closures it may be 
possible to maximize the net social benefits from this fishery taking both the commercial 
value and the social cost of turtle mortality into account.  
 
Given this context, I was specifically requested to address the following issues: 
 
1. Evaluate and comment on the impact modeling approach and methodology. 
2. Comment on the overall quantity and quality of data used in the model.  

3. Evaluate model assumptions, estimates, and major sources of bias or uncertainty. 
Specifically, recommend improvements including alternative modeling approach, 
data sources or uses as appropriate.  

4. Insert an explicit statement as to whether this model represents the best available 
science for estimating trade-off between reduction of sea turtle interaction and 
economic return to the Hawaii swordfish fishery.  

5. Insert an explicit statement as to whether this model represents a viable modeling 
framework upon which other protected species (in addition to the sea turtle) 
interacting with this fishery can be added as needed in the future.   

6. Provide recommendations for any further improvements given data limitations. 

7. Briefly describe the panel review proceedings highlighting pertinent discussions, 
issues, effectiveness, and recommendations. 

 
Further details of my obligations under this contract are set out in the Statement of Work 
a copy of which is found in Appendix 2 of this report.  
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My work on this review was carried out during the period 2 June to 16 July 2010. The 
first part of the period was used to collect background information and study material 
generated by the research project and provided by the CIE. A Panel Review meeting took 
place at the PIFSC facilities in Honolulu, Hawaii, from 28-30 June 2010. The period after 
that was used to evaluate the findings and prepare this report.  
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2. Description of Reviewer’s role in Review Activities 
 
I took on this review task as an independent expert. According to this role I have adopted 
my own approach to the work and organized my own report within the parameters 
specified in the SOW without consulting anybody else. Similarly, I have, to the extent 
possible, refrained from discussing the task and its various aspects with anyone else 
including my fellow reviewer.  
 
The review work was carried out during the period 2 June to 16 July 2010. It is primarily 
based on (i) a couple of documents generated by the PIFSC and supplied to me by the 
CIE (see bibliography), (ii) a number of background articles and reports that I 
located,(iii) presentations given by the PIFSC staff at the panel meeting in Honolulu June 
28-30 and questions and discussions during that meeting and (iv) my own general 
knowledge of the subject. Much of the written material used for this review is listed in 
the bibliography.  
 
During the panel meeting at PIFSC in Honolulu, Hawaii, from 28-30 June 2010, I had the 
opportunity to ask questions for clarification and discuss the various aspect of the 
research project with the PIFSC staff. During that meeting I received reasonably clear 
and satisfactory answers to all my questions. At my request a short trip to the Honolulu 
fishing harbor to inspect typical pelagic long-line fishing vessels was arranged. This 
proved helpful to better understand the nature of this fishery.  

 
During the Panel meeting I inevitably became privy to the comments and made by my 
fellow reviewer. This report, however, contains exclusively my own assessments and 
evaluations.  

 
In further detail, my review activities proceeded as follows: 

 
• June 2-25. Collect and study background material including the documentation 

supplied by the CIE.  
• June 26-July 2. Travel to and attend the panel meeting at PIFSC in Honolulu.  
• June 6-16. Preparing my draft review report. 
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3. Summary of Findings 
 
The Hawaiian long-line pelagic fishery constitutes a significant economic activity in 
Hawaii. Although somewhat variable, it usually generates between 15-20.000 metric 
tonnes of landings and some $50-80 million of landed value annually. Information on the 
number of fishermen and on-shore labor is not readily available, but it seems likely that 
the fishery employs a few hundred full-time fishermen equivalents and probably at least 
that number of people in associated upstream and downstream activities on land.  
 
Incidental turtle (especially leatherback and loggerhead) bycatch in this fishery, 
especially that part of it that targets swordfish, is believed to pose a significant threat to 
those endangered species. A reasonably reliable economic valuation of the economic loss 
caused by this incidental bycatch is not available. At least, the researchers interviewed 
during this review were not aware of such a valuation and considerable literature search 
did not come up with well-founded concrete valuations.  
 
Drawing parallels with existing valuations of other possibly endangered species (e.g. 
tigers, panda bears and certain species of seals and whales), however, suggests that the 
unit value of turtle bycatch may be quite high. It may, therefore, well be welfare 
enhancing to take costly measures to avoid these turtle deaths. The important point, 
however, is that this is not very clear at all.  
 
Be that as it may, the administrative reality is that upper limits on turtle catches (referred 
to as interactions) in this fishery have been imposed and are enforced by on-board 
observers and other means. If these limits are hit, the entire fishery is closed forthwith. 
The cost of that may be very substantial  
 
A basic question is whether there are more cost effective ways to reduce turtle 
interactions with less impact on the long-line fishery or, a bit more precisely, the net 
benefits generated by the fishery.  
 
One possible option is to employ a system of time-area closures that achieves a certain 
level of protection for turtles while minimizing the cost to fishers. This is the option that 
has been investigated by the PIFSC for some considerable time or at least since the 
closure of the fishery in 2001.  
 
It is important to realize that other options to achieve the basic aim of reducing turtle 
interactions at minimum cost to the fishery exist, but are not being investigated. These 
options include  

(i) Corrective taxation 
This consists of the appropriate charges or penalties being levied on each 
turtle/fishing gear interaction. The appropriate charges reflect the social costs 
(value) of each interaction, but due to imperfect enforcement might be set 
higher. As such, these would vary with the size of the turtle stocks and, perhaps, 
the accumulated catches during the year. 
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(ii) Turtle bycatch (interaction) quotas. 
Based on an upper limit of allowable turtle interactions, individual transferable 
quotas for turtle interactions could be issued. In this case the quota market 
would set the price (economically equivalent to a tax) dependent on the total 
number of interactions allowed. Subsequently to the issue of these quotas, the 
authorities and, in principle, conservation interests could modify the actual 
turtle interactions by buying in a par of these quotas. 

 
These other options have several economic advantages compared to time-area closures. 
Among other matters, they generate individual incentives to avoid turtle interactions by 
selective fishing and technological innovations.  
 
As already mentioned, the PIFSC has been engaged in investigating aspects of time-area 
closures of the pelagic long line fishery at least since the early 2000s. The aim of this 
research has been to provide modeling structure and sufficient empirical information and 
computational ability to allow the identification of time-area closures for this fishery that 
will meet the objective of keeping turtle interactions within preset bounds at a minimum 
cost to the fishery.  
 
Important steps in the direction of achieving this aim have been taken. Extensive data 
collection has taken place producing a very impressive data bank for this fishery 
including both biological and economic data. Additional data continues to be generated 
on an on-going basis. At the same time theoretical, estimation and simulation work has 
taken place. Certain basic modeling aspects and an empirical prediction model of fish and 
turtle takes by area and time were set out in 2005 (Kobayashi and Polovina 2005). In 
2009, refinements of this initial research by new empirical estimations and by adding 
fishery cost functions were made available (Lin and Pan 2009). Also included in this 
most recent report, useful scenario analyses comparing options for time-area closures has 
been conducted. 
 
However, at least based on the material submitted for this review and the presentations 
offered at the in situ meetings, this research is missing certain elements that are necessary 
for it to achieve its basic aim in a satisfactory manner. They key missing elements are: 
 

1. An explicit model of the situation that:  
a. Encompasses the economic essentials of the situation; 
b. Is suitable for generating policy recommendations;  
c. Provides guidance for the necessary empirical research. 
 

2. An economic valuation of turtle interactions (deaths or serious harm due to 
encounter with the fishing gear). This kind of an evaluation is essential for 
comparison with the economic value generated by the fishery. Without 
measuring the costs of turtle interaction in the same units as the benefits of the 
commercial fishery, a sensible trade-off can not be calculated. It may be noted 
that this is not strictly needed if an exogenous upper bound on turtle 
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interactions is in place and is binding. However, that is generally not the case 
in the early periods of the year, even if the bound becomes binding later on. 
 

3. A state-of-the-art robust statistical estimation of the functional relationships 
needed for the model. These functional relationships include: 
a. A predictive model of fish and turtle concentrations and capture rates by 

areas. Currently this is done by a GAM procedure which is unlikely to be 
the ideal procedure. Some form of a maximum likelihood procedure seems 
preferable; 

b. A commercial profit function for the fishery. Currently a cost function has 
been estimated. However, the estimation procedures are elementary and 
are clearly not statistically ideal; 

c. An industry response function to time-area closures. At the present no 
attempt at the estimation of this function has been attempted. This aspect 
is dealt with merely by ad hoc assumptions and scenario analysis.  

 
4. A properly designed stochastic version of the model that:   

a. Allows the calculation of confidence intervals for the predictions (or 
simulations); 

b. Provides a basis for a risk analysis of the various possible options and, in 
due course, the identification of the optimal stochastic policy.  

 
The first item, the lack of an explicit modeling framework, is in many respect the most 
fundamental and pressing problem. Without a proper modeling framework, the 
subsequent research is almost bound to go astray. Therefore, an outline of a model for 
this purpose is summarized in an appendix to this section.  
 
This research has been going on since at least since 2001. The research is still a 
considerable distance away from achieving its basic aim (of being able to deliver 
reasonably reliable advice on time-area closures for the pelagic long-line fishery that will 
meet the objective of keeping turtle interactions within preset bounds at minimum cost to 
the fishery). Considerable values are at stake. Until the research is finished, or at least 
achieves a certain level of practical applicability, it cannot help in resolving the issues in 
the best way. Therefore, this project should be brought to a reasonable level of 
completion as soon as possible.  
 
In the view of this reviewer, a key reason for this slow progress is the limited resources 
allocated to the project. The most serious limitations appear to be: 

 
1. Lack of manpower. Too few people are working on the issue; 
2. Lack of certain types of expertise in the project. This applies especially to 

expertise in (a) the type of modeling needed, (b) numerical maximization 
techniques and (c) statistical estimation. 
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It follows that to complete the project, these resources have to be made available. If that 
is done, it is my belief that it can be made to reach a practical application level within one 
year.  
 
 
Short responses to the specific questions in the TOR 
 
1. Evaluate and comment on the impact modeling approach and methodology. 

The fundamental modeling approach to this research is not well specified, at least not 
in an explicit manner. There is no clear comprehensive model presented in the 
material provided.  
However, it appears that the research work conducted so far is actually in good 
conformance with an appropriate overall modeling framework (see appendix to this 
section). On that basis it appears likely that the research strategy is actually based on 
some overall modeling approach that has not been explicitly stated.  
A major drawback in the research conducted so far is that certain key modeling 
components have not been dealt with at all. These include (i) the industry responses 
to time-area closures (and possibly other management constraints) and (ii) an 
evaluation of the economic value of turtle interactions.  
The overarching methodology consisting of (i) modeling, (ii) estimation and (iii) 
policy analysis, is fine as far as it goes. The problem lies in that detailed application 
of this methodology. The modeling leaves a great deal to be desired. The statistical 
estimation does not seem to be sufficiently state-of-the-art and the policy analysis is 
restricted to scenario analysis without systematic uncertainty and risk analysis, which 
is unsatisfactory.  
 

2. Comment on the overall quantity and quality of data used in the model.  
A great deal of relevant data on the fishing activity, commercial harvests and turtle 
by-catch by time and area has been collected. These data continue to be generated on 
an on-going basis from logbooks and observer reports. Some very useful economic 
cost data have also been collected.  
The quality of these data seems generally good. The cost data is probably most 
suspect although there is no particular reason to doubt it. This review was not 
extensive enough to verify the quality of those data.  

Broadly, the overall quantity of data is good and impressive. The quality of these data 
also appears to be satisfactory. 

The key missing data concern the economic valuation of turtle interaction. The reason 
is that this information has not, so far, been identified as important for the research. 
There are several ways to obtain this evaluation. The most robust way is to conduct a 
special evaluation. This, however, is a major undertaking. A less demanding way is to 
use already existing evaluation research of similar endangered species to obtain 
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estimates of the likely range of the economic loss associated with each turtle 
interaction.  

 
3. Evaluate model assumptions, estimates, and major sources of bias or uncertainty. 

Specifically, recommend improvements including alternative modeling approach, 
data sources or uses as appropriate.  

This request is dealt with at some length above and in the appendix to this section. 
The main modeling problem is a lack of an explicit modeling framework which 
identifies the key model components that need to be empirically estimated. As a result 
two key modeling parts are missing from the existing model components:  

(i) An industry response function to management controls (time-area closures); 
(ii) An evaluation of the economic value of turtle interactions. 

To this, one may add that the approach of limiting the search for optimal time-area 
closures to scenario analysis instead of maximizing an objective function (which is 
readily available in the appendix to this section) is unsatisfactory. The employment of 
the efficient frontier is a nice idea but inadequate — e.g. there are simply too many 
combinations of time-area closures to make this approach workable.  

Apart for the lack of data on the value of turtle interactions, there are no apparent 
serious data problems. The estimation of the key relationships is not particularly 
convincing and can almost certainly be greatly improved.  
 

4. Insert an explicit statement as to whether this model represents the best available 
science for estimating trade-off between reduction of sea turtle interaction and 
economic return to the Hawaii swordfish fishery.  

The model as it stands (or appears to stand) does not represent a state-of-the-art 
model for the specified purpose. The reasons for this conclusion are detailed above. 
 

5. Insert an explicit statement as to whether this model represents a viable modeling 
framework upon which other protected species (in addition to the sea turtle) 
interacting with this fishery can be added as needed in the future.  
The model as it stands cannot achieve the stated purpose of the research (identifying 
time-area closures for this fishery that will meet the objective of keeping turtle 
interactions within preset bounds at minimum cost to the fishery). The reason for this 
is primarily the missing modeling elements discussed above, but also the lack of a 
built in maximization procedure. In this sense it is not viable.  

However, the model, as it stands, forms an important part of a more complete model 
(see appendix to this section) that can be used to achieve the objectives of the 
research. In this sense it is viable.  
The model outlined in the appendix to this section can be extended to deal with other 
bycatch species in this and other fisheries. 
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6. Recommendations for any further improvements given data limitations. 

The recommendations for future improvements have been outlined in some detail 
above and further in the appendix to this section.  

To summarize, the recommendations consist of two major parts: 
(1) Modeling and estimation 

The modeling framework has to be improved and made explicit. The missing 
modeling components need to be estimated. The other estimations should be 
improved and statistically tested. The identification of optimal time-area closures 
should be on the basis of maximization of the objective function. Uncertainty 
should be explicitly and systematically accounted for and incorporated in the 
optimization procedure.  

(2) Research resources 
This project needs more manpower and expertise in (i) the relevant type of 
modeling, (ii) statistical estimation and (iii) numerical maximization techniques. 
Available information indicates that the benefits of a reasonably efficient time-
area closures is counted in millions of US$ annually (Li and Pan 2009). It is 
therefore worth a substantial investment expense to accomplish this.  
 

7. Brief description of panel review proceedings highlighting pertinent discussions, 
issues, effectiveness, and recommendations. 

There is not much to say about this. The panel review proceeded fairly normally. 
Only one of the main researchers, Dr. Pan, was present and she did a very good job of 
explaining the research and respond to panel questions. The organization of the panel 
meeting was good and the time allocated sufficient. As expected much of the 
discussion concerned the modeling framework and the data.  
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Appendix to section 3 
 
An outline of a model for determining optimal time-area restrictions 
 
The following outlines a model of the type that is needed to deal with the basic task of 
selecting optimal time-area closures.  
 
(i) Time-area modeling 
 
The required model is concerned with time and areas. This can be modeled in a 
continuous fashion. Indeed, that would be most convenient from a mathematical 
perspective. However, due to various practical considerations, it is probably more helpful 
to proceed in terms of discrete time and area measures. 
 
As a first order approximation to optimal time-area allocations, it is sufficient to consider 
one year. This implicitly assumes given biological stocks, companies and fleets. To the 
extent that these stock variables are thought to be important — and they surely play a role 
— the model needs to be extended to multiple years.  
 
The year is divided into months (or other convenient units). The months are referred to by 
the index t, t=1,2, ...T, where, if the time measure is months, T=12.  
 
Note, however, that there is no modeling reason to have all the time periods of equal 
length. For instance, it might be a good idea to have finer time grids during the most 
“crucial” periods (e.g. the first two months of each year.  

 
The area in question is divided into a finite number of blocks. As for the time units, it is 
important to realize that from a modeling perspective, these blocks can basically be of 
any size or shape. However, in what follows, we will talk about them as squares. We 
refer to these squares by the index a, a=1,2,...A, where A is the total number of blocks 
(squares). Thus, a(t) refers to location a at time t.  
 
In what follows, we will find it convenient to talk about the set A as the set of all possible 
locations. 
 
Note, that for modeling consistency, one (or more) of the locations in the list of locations 
must be must be the port (or ports).  
 
According to Kobayashi and Polovina (2005), the total fishing area is 0-45°N and 140-
180°W. Thus, for 1x1° squares (approx. 60 by 60 nautical miles), A=1800. For 2x2° 
squares (approx. 120 by 120 nautical miles), A=450. Neither number would be a cause 
for numerical computational concern.  
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(ii) Stocks of fish and turtles 
 
Let x(a,t) be the stock of commercial fish in area a at time t. Note x can be a vector of 
different species. It seems reasonable that at least x contains swordfish and tunas 
separately.  
 
Let y(a,t) be the stock of turtles in area a at time t. As the commercial species, y can be a 
vector of turtle species. It could even include other by-catch species. Given the available 
description of the situation (see bibliography), it seems reasonable that the vector y 
should have three dimensions representing leatherheads, loggerheads and other sea 
turtles.  
 
Note that the dimensionality of the vectors, x and y may be further increased to account 
for age and/or size classes of the species in question.  
 
(iii) Commercial profits (benefits) 
 
Given the description of the situation, it seems reasonable to define commercial profits as 
profits per unit of effort, effort being defined as number of sets (of long-line). 
 
Let commercial profits per unit effort in area a at time t be defined as 
 
(1) , 
 
where, for reasons that will become apparent, fixed costs, , are specifically accounted 
for. The location a appears separately to reflect the distance of area a to the landing port 
(usually Honolulu). The index s refers to the type of set and the vector p refers to 
exogenous variables such as prices, the capital being applied and so. Note that the 
particular fishing vessel or its characteristics may be included in the vector p. 
 
Note, as already mentioned it is very important for modeling consistency to include the 
port as one of the location. So, for staying in ports there would be some profits, possibly 
equal to . 
 
A slightly more advanced version of the profit function is:  
 
(2)  
 
where a0 is the location of the fishing vessel at the end of the last period. : note that this 
leads inevitably to a space dynamic optimization.  
 
Note that (1) and (2) implicitly include a harvesting function, i.e. a function that maps 
fish stocks, type of set and effort (number of sets) into profits. They, of course, also 
implicity include a cost function such as the one estimated in (Li and Pan 2009). 
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(iv) Turtle interactions (capture) 
 
Define the harvest of turtles per unit effort (long line set) as 

 
(3) , 
 
where φ represents vector pertinent vessel characteristics and selectivity measures. Note 
that (3) defines a vector of these functions, one element for each species of turtle.  
 
(v) Valuation of turtle interactions 
 
Merely counting the number of turtle interactions is not satisfactory from a social 
decision making view. The benefits of commercial fishing have to be compared to the 
costs of turtle interactions. Such a comparison can only be made by measuring both in the 
same units. Since, commercial benefits are traditionally measured in monetary unity, it 
seems natural to measure turtle interactions in the same units. This is generally referred to 
as valuation in the natural resource and environmental literature (Hanley et al. 1997).  
 
A general expression for the valuation of turtle capture in area a at time t is:  
 
(4) , 
 
where y represents the total stock of the turtle species in question and t is supposed to 
reflect the possible changes of this evaluation over the year. The negative sign is merely 
for the convenience that this value (representing interactions and not conservation) is 
negative.  
 
In simple cases, this valuation might be fully represented by a unit price multiplied by the 
harvest: 
 

, 
 
where is the unit price of turtle interaction. Remember, this price is a vector 
having the same dimension as the h(a,t). 
 
(vi) Time-area restrictions 
 
Time-area restrictions can be modeled with a binary variable  defined as: 
 

 

 
So =1 means that area a is open at time t and =0  that it is closed. 
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(vii) Commercial behavior and fishers’ behavior 
 
Fishers presumably want to maximize their expected benefits. These benefits were above 
talked about as profits. In a more general modeling, they can be any benefits and the 
profit function any objective or benefit function they seek to maximize.  
 
Formally, at each time (here modeling time) fishers seek to solve the following problem: 
 
(I)  

 
So, they select a location from the total available set of locations, and the type of long-
line set form the two that, apparently, are available. This they do on the basis of 
(expected) concentrations of fish, exogenous variables, p, and, at least in general, their 
current location.  
 
Note that this feature (i.e. current location) in the profit function leads to an inherently 
dynamic problem for the fishers. They will, in principle have to plan their fishing 
operations for the year on the basis of their expectations of fish locations and the pattern 
of closures. As a first modeling step, it seems reasonable to ignore this complication  
 
Note that the fixed costs, , will not affect fishers choice. However, if may induce them 
to go fishing, even when total profits are negative.  
 
Note further that if closures are in place some R(a,t)=0, and effectively enforced, the 
fisheries will not choose to go to these areas.  
 
Since, presumably, the fishing vessels always operate at maximum effort, once they have 
selected a and s, their effort units are defined (by choice of a and s and their current 
location, a0). If not, effort will have to be included as a choice variable.  
 
Solving maximization problem (I) leads first of all to area choices by the fleet. Note that 
due to different initial locations, different expectations and pure randomness, this will 
normally not lead to all the fleet congregating on one area.  
 
Solving maximization problem (I) also leads to the number of effort units in each area. 
Let us refer to this as  
 
(5) . 
 
This equation, which may be referred to as the fishers’ behavioral function, is crucial to 
the modeling. It gives the effort units of type s in each area at each time as a function of 
the fish availability, the current location relative to the location a, exogenous variables 
and the complete vector of restrictions. 
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Note that problem (I) is relatively easy to solve, even if it is done for each fishing vessel 
separately. The numerical algorithm merely has to calculate the expected profits for every 
location and then for every boat pass over all possible locations and pick the one with the 
highest profits. For standard desktop computers this would only take a few seconds at 
most.  
 
(viii) The social problem: Optimal time area closures 
 
The social problem is to select the optimal area closures at each point of time. For this 
purpose define the social benefit function per unit effort for each area at any given time 
as: 
 

, 
 
where, it will be recalled,  is the valuation of turtle interactions and R(t) is the 
vector of closures. 
 
At this stage, it is useful to consider two variants of the basic problem.  
 
Variant 1 
 
The first and simpler variant is when the objective is merely to identify the socially 
optimal time area closures. In that case, the authorities only need to close areas with 
negative expected social benefits. That problem can be written in a very simple way as:  
 

(II) . 

 
Solving this problem yields the appropriate time area closures for each single area at all 
times.  
 
Note that to solve this problem, we do not really need to know how fishers respond to the 
restrictions. Closing all areas where fishing can be socially harmful, given their current 
location, renders it unnecessary to know where they will go. Neither do we need to know 
the effort that is going to be exerted in each area. This is because of our assumption that 
harvests of all species depends linearly on the effort. This assumption may or may not be 
sufficiently realistic. The shorter the time interval, the more realistic it will probably be. 
 
Variant 2 
 
The second variant is where the actual number of turtle interactions is important. This is 
for instance the case where an upper limit on turtle interactions has been set and is 
binding or when the social cost of turtle interactions depends on the number that has 
already been caught. The first case is the current latter administrative reality. The latter 
case may well be a better description of reality than assuming a fixed unit cost. Thus, this 
variant of the basic problem, variant 2, may well be the more realistic of the two.  
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In this case the social problem may be written (in a slightly simplified form) as:  
 

(III)  

   

 
Note that if the constraint is not binding (and a constant valuation of turtles applies each 
time period), problem (III) is reduced to problem (II) which is much simpler.   
 
The simplification is that (III) does not represent all the fishing boats and their location. If 
that were explicitly accounted for (III) would be written: 
 

(III’)  

 

 
The numerical requirements for solving problems (III) and (III’) are substantial, but 
appear quite feasible. Note that the endogenous optimization, i.e. solving the optimal 
response of fishers to closures, increases the numerical demands very substantially. A 
good strategy would be to solve the simpler problem (II) first and then go to (III) and do 
(III’) last.  
 
(ix) Extensions 
 
The above basic model can be extended is several ways: 
 
(1) It is possible that the concentrations of fish in each area alters significantly during 

the time period as a function of the number of vessels going to the area. Allowing 
for this stock effect would greatly complicate the model and the calculations. 
Rather than to model this explicitly, a superior strategy might be to reduce the 
length of the time periods; 

(2) From a practical perspective it seems a good idea to first work out an ex ante time-
area closure plan and then update it as more information becomes available. Of 
course, keeping the fishing costs in mind, the updating can not be too frequent; 

(3) All of the above modeling and the estimated functional relationships involved are 
subject to uncertainty. Hence the proper maximization approach is stochastic 
maximization, possibly utilizing certain principles of stochastic decision theory.  

 
These extensions are pretty straight-forward. They, however, add substantially to the 
numerical requirements.  
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4. Conclusions and recommendations 
 
Impressive research has already taken place. The quality of this research is quite 
acceptable. The collection of data is impressive. It appears that, apart from missing 
information on turtle valuation, the existing data are adequate for the needs of the project.  
 
However, apparently due to the absence of an explicitly stated modeling framework, this 
research has not been sufficiently focused. In particular it has not dealt at all with certain 
vital modeling elements which are necessary for the task at hand. There are other less 
fundamental weaknesses in the research. As a result, this research, in spite of having been 
ongoing for close to a decade, is still some way from reaching it objective (of providing 
well-based advice on time-area closures for the long-line fishery). 
 
At the same time the values at stake in terms of (a) suboptimal fishery closures and (b) 
unnecessary turtle mortality are quite substantial.   
 
On this basis it is recommended that determined steps be taken to complete this project as 
soon as possible. This involves essentially two things: 

1. The preparation of a well thought-out research plan; 

2. The addition of the necessary manpower and expertise to the project.  

Item 1. is necessary to (a) maximize the likelihood to a successful research and (b) render 
the research as time and cost effective as possible.  
Regarding item 2. the following amplifications can be offered: 

- Two additional experts to the current research team are needed for and 
extended period of time (6-12 months); a practical econometrician and a 
numerical maximization specialist; 

- This might be complemented with some short term expert consultation; 
- The task would be to complete an empirically well-founded and theoretically 

consistent operational time-area selection model; 
- A reasonable time to complete this task with the above additional manpower 

over one calendar year. 
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